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Abstract: The invention refers to a rnetliod and an appara;;..;; which in situ rnessure the- flow in a biood vessel 

mean (9). A iocai disturDance of the optical properties of the biood is perfori-ned at the i"nsasuring piace. 
'The disturbance la optically detected by means of an optica! conduit (1) introduced into the vessel, the 
fieiiS of view oi' the conciult being (directed ttswards ihe c:er:iral portion of the ves^siel. The detecteci optit;;ai 
.■signal is used to form a measure of the flow. The device comprises a conduit Introduced into the vessel 
up to the measuring place. A fibre optical light conductor (7) Is provided within the conduit. According to 
the invention the end surface of the light conductor is bevelled to lool<; Into the central portion of the 
blood vessel. A light detector (7) is provided in the proximsl end of the light coriductor and detects the 
local disturbance of the optical properties of tne blood. The disturbance may be brought about by 
introducing a fluorescent substance into the biood or by ma!';ing use of the autofluorescence of the 
blood. Disturbances rnay also be brought about by locally producing microbubbles in the biood 
upstreams of the measuring position or by locally disturbing the orientstlon of the blood corpuscles. 
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WO 1990012537 19901101 

Metl-iod of measuring the flow within a bicod vessel and device for performinn the method. 

The present invention relates to a method of in situ measijring the fiow within a blood vessel, e.g. a coronary heart vessel. 

A kfiown m«thoci for mejj;>uf irig blood fiow makes u;;?; of an optical ruethcid basecJ on Dopfsler-jjhift technic^ue, A pmbe is 
applied to the skiri and lightens a blood vessel. The light is reflected by blood corpuscles and, due to the movement of the 
blood corpuscles, undergoes a frequency shift, so called Doppier- shift. On the basis of the extent of the Doppler-shlft it is 
thereafter theoreticaiiy possible to calculate the volume flow in the blood vessel illuminated by the probe. 



A prG;x>s;al has also i:)een made to make use of li-;e Doppier- : 
llgi'il c:oriductor into ths; vess^ei aritJ i!!urf;inat:r!g ihe i:;;ood oo:v' 
light coriductor and the Doppler-shlft is measured. The exteni 



shift techniqije for measuring the biood flow 'oy inserting a 
pi;sole;;. Reflected, fte(;uencv-stii1ted ligtit is rec:ttived l>v the 
;i of tne Doppler-shlil is an indirect fneasure of the flow in the 



A disadvantage of the itnown technique resides in the fact that the circuits witn whicn the Ooppier-shiited signal is 
detected and filtered ai-e complex and are unable to measure the Doppler-shift with a satisfactory/ exactitude. Another 
disadvantage of the Doppler-shift technique resides in the fact that the measuring result is dependent on the position 
wittiin the c;ro:->s -ejection of the l:)!ood ve;>s8! taken by the sensitive part of the light coriductor wheri introduced intc5 the 
vessel. It i.s well known that the speed profile of the flow in a tube is parabolic (when the fiow is laminar). In order to be 
able to determine the flow it Is thus necessary to know the position whithin the vessel taken by the optical light conductor, 
i.e. to know whether it is positioned centra!"" !y of the vessel where the fiow speed is at a maximum or towards the wail of 
ttie ve.ssel wtiete the speed may be prtacM-" cally zero. Normally, the light conductor will take a position in which it abuts 
against the wail of the ves.sel. 

It is the purpose of the pre.sent invention to achieve a method and an apparatiis which eliminate the above-mentioned 
disadvantages of the known technique and permit mea.suring m situ of the flow within a blood vessel independently of the 
position taken by the cpticai fibre within tlie blood vessel when inserted therein. 

The method according to the invention is characterized in that a local disturbance of the optical properties of the blood :s 
provoked at the mieasuring place, that the disturbance is optically detected by means of an optical conductor intro-^ duced 
into the ve:-;s8!, the field of view of this conduotcir tjeing ditected towards ttte central portion of ttie vessel, and that the 
detected optical signal is utilized to produce a measure of the flow. The expression "field of view" refers to the spatial 
angle of the optical coupling of the light conduc-^ tor with the environment. Disturbances may be brought about by causing 
the light conductor to illuminate the blood with light of a first wave length for producing the natural fiuores-' cence of the 
blood. Alternatively the disturfoarice rritsy be brought about by glc;bally tsciding of a lluorescent sul:)st<snc» to the tjlood to be 
ilkiminaied from the light conductor with light In order to produce -luorescence, the fluorescent light being measured 
subsequently. A third alternative is to produce the disturbance of the optical properties of the blood by microbubbles of a 
gas tjeing introduceti locally into the bkxxi at the rrie;?suring pitsce and th-5! ttte bubl:)!es are illutninated with light ftotri the 
light conductor. The amount of light reflected from the bubbles during their passage past the optical fibre is measured and 
forms a measure of the volume flow of the blood. .According to a fourth method to produce the disturbance the orientation 
of the blood corpuscles is locally acted upon in order to produce a local turbulent flow Vi/hich is illuminated with light from 
ttie iigtit (»riductor. The arriount of ttie iigtit reflecieci by the blood cxitpuscies during their turl:)ulerit motion is measured 
when they flow past the field of view of the light conductor and forms a measure of the volume f ow of the blood. 
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The mventi ->! o c<r ^ c r« if j ri us " « T « rj-^yt^ 

h° iii/e-^tr'" I r II t,rt in ht, ^,nJ o t, lyht rond ictor i r< o !! 'I n o oer -> lu d -> -^.ftobe 

ejif ^ t I f i 5'el<sndth< ts Ic t :iel€- for > pio\ c >< i s eniof 

he !ght r-o-" j I t ii r > iir-a! rcperti ^offhobc-^-i ind rr« 3fi i 5 i -^n, 

i^etPoteo I y y f ^ ^ 1 ofioA of f^^, blood apv^ u i i r o ei er* 

embodimeiit of tine Invention the disial end surface of the light oonductcr is cbilouei around. 

The invention m\\ ds descnoed ;n dexail liereafter by reren ence to tne attached drawings in wnicn 
Figure 1 schematically shows a device in accordance with the present invention. 
Figure 2 is; a (ielaiied view of Ihe rnej^suring place if! Figure 1, 
Figure 3 i;-> <j deUsileci viev»' of the end portiori of a light conductor, 
Figure 4 is a detailed view of an end portion of a modified light conductor, 

Figure 5 shows a conduit into which the light conductor is inserted and through which gas is iocaily introduced at the 
measuring position for causing r;iicrobubbles to be formed, 

Figure 6 is a side view of a non-pressurized conduit which in accordance with the present invention Is used in order to 
brifig ijboul a iocal disluitaisrice o! ttie orientalion of the blood cor puscles, 

Figures 7 and 8 schematically show the orientation of the blood corpuscles prior and after the dlsturiDance of the 
orienialion of the fc'iood cotpusciesi Ccius^ed by the conduit accxirdlng to Figure 6. 

Figure 1 schematically shows tlie environment In which the invention Is used, A conduit 1, the genera! construction of 
which is described in our internalional patent application PCT/'SE87/00347, is intrcxiucied visi the vena cava into the 
coronary artery of the heart to the measuring position shov,fr! in detail view in Figure 2. The light comes from a light source 
2 which, for example, may be an arc lamp or a laser. The light from the light source passes through a filter 3 permitting 
light of a first wave length to pass. The filtered light is reflected by a semi-transparent mirror 4 and passes through a lens 
system 5 prior lo entering Into the proxin-ial erid of the coriduit. 

Figure 2 shows how the conduit in a way proposed t;y the present invention Is provided with an openirig 6 or \i window 
releasing the light from a light conductor 7 introduced into the conduit against the proxima! end surface of which the lens 
system 5 is focused. The field of view of the light conductor 7 is directed towards the central portion of the vessel as 
Indicated i3y tlie broi<en lines 8 representing the fleid of view of the light conductor. The coronary vessel has the 
(iesig nation 9, 

According to the Invention there is provided a local distur-' bance of the optical properties of the blood. According to the 
irvvention four different rrreasures are proposed lor tiringing at;out such a ciisturbance. These rrrethocis -vvill be described in 
detail hereafter. The effect caused by the disturbance on the emitted light with which the blood is illuminated while flowing 
past the field of view 8 of the light conductor, is also detected by the end portion of the light conductor and this light 
spreads in the light conductor 7 r-ean^^ardly against 

the incoming iight and passes through the semi-transparent mirror4, a second filter 10 to be detected by a photo-multi- 
plyer 11 in which the iight signal is reinforced and converted into an electric signal which thereafter is processed in 
elec;tric;3i circuits, not stiown, for C5blaining a singnal repre-" senting a measure of ttie volurrie How of the blooci In the 
coronary artery of the heart. 

Figure 3 schematically shows how the end surface of the optical fibre of the light conductor 7 is beveiied in order to direct - 
based on the total reflection or aiternativeiy by steam-application of a refieGtive rneiai layer on the fibre end - the incoming 
light inward towards the centre of the blood vessel, 'fhe light Gonducto; has side-vlevvliig properlles. Hereby the r'esult is 
obtairred that the measuring always Is pgrfoi'med on blood fiowing at ttse highest flow speeds irvdepern (iently o; the 
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position of the end of ttie iigtit conductor. In Figure 3 the field of view of the light conductor is indicated by broi<en lines 8 
ar,d the flow direction of the blood is Indicated by the continuous arro'vv whereas the path of the central light ray is 
(Sesignsled by the broken arrow, 

figure 4 shews another embodiment of the light conductor in which the optical fibre of the light conductor is ground plain 
so thai the field of view of the light conductor extends in the downsttearn direction. Also here the fieid of view of the light 
conductor is defined by broken lines, the path of a central light ray by a broken arrow and the flow direction of the blood by 
a continuous an-ow. The embodiment according to Figure 4 is not side-vie'wing to the same high degree as the 
embodlirient according to Figure 3 but is satisfactory if the disturbances are produced with the conductor shown in Figures 
6 and 7, 



The local distuitiance changing the optical properties of the blood can be of one of the follwing four types: 
Marking the blood by adding to the blood a substance that can 

be caused to fluoresce. A smaller amount of the blood of the patient is tapped and mixed with a fluorescent substance 
(" parking), whereafter the mixture Is reintroduced into the blood circulation system of the patient. To the optical conductor 
light is tranj;:riitle(S having a wave length optically excitirsg Ihe fnari<ed blood rorpusdes. The filter 3 produces this light 
frequency. When the light meets a marked blood corpuscle, the blood corpuscle will fiuoresce and emit light of a different 
wave length. This light Is rejected In a backward direction towards the end of the optical conduit. The filter 10 transmits 
this wave length to the photomultlplyer 9. The signal from the photoniultlplyer may be used to measure the time during 
which the marked blooci corpuscile reriiain;; withiri the field of view 7 of the light c(;rKiui;tor. Knowledge regjjrciirig the 
distjjfice passed by the marked blooc corpuscle during ti-iS said time permits ;he speed ot the Diood corpuscle to be 
calculated. Tne distance is defined, far example, by the width of the field of view. The volun":e flow can De calcu-^ iated 
provided the crcss-sectionai area of the vessel is known, this area being found, for example, by ultra sound examination or 
contrast X- ray examiriatiori. 

A sullabie fluorescent substjarice is fluoresceirie-isolhiocyranat, =F\TC, Other suitable sul:)stanc^s are aridlne orange, 
acrldine red, XRITC, DTAF, fluorescent benximidasol derivatives H33258 and H33342. Figure 2 shows how a marked 
blood corpuscle enters into the field of view of the light conductor and is ^uorescing there. 

Obviously, the local disturbance in this case is produced by exciting or il'Liminating the marked blood corpuscles. 

Anoi tier way of bringing about a iocai disturbance is biased on ?■ cicjsely reiated pheriorjxsnon caiied auto- 
phosphorescence. All organic substances have a natural fluorescence and a natural phosphorescence if the substance in 
question Is excited by light of suitable wave length. Natural fluorescence is rela-- tively easily discovered at low- 
temperature but Is subject in 

the present case to the disadvantage that the light phenomenon is extremely short (order of magnitude some nano 
seconds) . The autophosphoroscence, however, Is relatively durable, up to some seconds, 'fhe autophosphoroscence 
reduces when the temperature increases. The most norma! working temperature for phosphorescence is 77^K. However, 
there are some substances performing phosphorescence at room temperature (compare Lloyd J: B.F. 1979). Talanta 26, 
180. In this case the autophosphc- rescent substance Is excited by briefly Illuminating the light conductor whith light of a 
suitable wave length ot^tained by suitable ctioic^ of the filler- 3. Ttie lluc;res(^fit light is (Selected in the sarrre way as irr the 
preceding example. 

It is also possible to Integrate the photomuitiplyer signal obtained when the distuitiance is obtained by the giobaiiy added, 
locally excited fiuorescent sustance. The integral of the signal also here -will be a measure of the volume passing py and 
thereby also of the volume flow. 

A third way of producing a local disturbance of the optical properties of the blood is illustrated in Figure 5 and com-' prises 
causing a gas introduced into the proximal end of the conductor to be emitted through the fine opening 12 provided in the 
mantle 13 of the conduit. This causes a zone of rnicro-' i:)ut;bles to be concSucted by Ihe t;loc)d past \he fleici of view 7 of the 
light conductor to be gradually absorbed by the blood. The gas may, for example, be air, oxygene or another suitable gas. 
in this case the light bubbles are illuminated by light from the light source and the bubbles reflect the light back towards 
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the light conductor as if they were bright steel bails (total refioction). The reflected detected light is amplified in the 
photomuitipiyer 9 and the signal is treated on the same way as in the integrating procedure described above in order to 
produce an electric: signs! relatecj tc5 the volume flow of Ihe l:)lood. In Figure 5 the concJuit 6 is showf! to tiave a s:c)ft, flexitile 
spirally wound poM 14 and the light conductor is surrounded by a spiral 15. 

Afi iv:rsngerv:'sni exfjiaining how the ga:; n-sy be introduced into the conduit is described c;u; Swedish paterii s-ppiicsiiion 
8801 51 7 -7 and coniprises a cylinder sealingiy surrounding the mantle of the conduit, the light conductor extending through 
this cylinder which in one of its end surfaces has a connec-" tion to the conduit 1, in the waii surface of the cylinder a side 
tube is provided having a Luer-connection to which gas is attached. 

Bubbles may also be provided in ways different from those shown. For example it is possible to perform local electrolysis 
of blood upstrearns in relation to the measuring position. 

A fourth way to bring about a iocai change of the optical properties of the biood is shown in Figure 6. in this case the outer 
surface of the conduit 6 Is pi'ovided with a balloon 16 which vis- an oper-ing 17 in the rriantle of the conduit is cofinected to 
a duct 18 which during a short period is pres-' surlzed by a gas with siibsequent discharge of the pressiire, cai.ising the 
balloon 16 to produce a disturbance of the iarnlnarflow of the blood corpuscles. In lan-iinar blood flow the blood corpuscles 
are assunrted to arrange themseif according to the law of least resistance, i.e. laying in the direction of flow. If the laminar 
flow Is disturtsed in ttie way as cJescrlbed the orlent;stic;r: of ttie blood cxjrpuscies will be changed. Figure 7 strows ttie 
orientation of the biood corpuscles prior to the disturbance and Figure 8 the orientation of the blood corpuscles after the 
disturbance. 

The reflected light Is detected and amplified in the photomuh tlplyer 11. 

In all cases the f^ow measurerj-sents rnust t)e synctironized with heart frequency so ihai ihe rneasufernent alw;ays is; 
performed at the same time during the heart cycle. 
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WO 1990012537 19901101 CLAIMS 

1 . A method of in situ measuring the flow within a biood vessei, e.g. a coronary heart vessel, characterized in that a icca! 
disturbance of the optical properties of the blood is performed at the measuring place, that the distusbanoe is cpticaiiy 
detected by rneans of an optica! cxintiuctor (7) introciuc^ci irito ttie vesc^el, the field of view of this conducitor beifig (Sirecled 
towards the centra! portion of the vessel, and that the detected optical signal is utilized to produce a measure of the fiow. 



2, The method as claimed in claim 1, characterized in that the local disturbance l:s brought about by causing the ligtit 
conductor to illuminate the blood with light of a first wave lenght for the purpose of producing autophosphorescence of the 
biood and that the phosphorescent light having a different wave length Is detected. 



3. The method as claimed in claim 1, characterized in that into the blood a substance is introduced which can be caused 
to fluoresce, that tne disturbance is brought about by causing the light conduit to illuminaLe the blood with light of a first 
wave lerigth cisuising the said substance to fluoresce, and that the fluorescent light having & different wssve length is 
detected. 



4. The rjiethod as clain-iecJ ifi clain-i 3, characterized in that the tluoresc^erit substanc;e is globally supplieci tc; the bl(;o(j. 



5. The method as ciaimed in claim 1, characterized in that ti'se disturbance is produced by microbubbies of a gas 
introduced locssiiy into ttie blood upslreams; of the measuring place, th;st the E>ubbles are illuminated by light frof:i the light 
conductor (7) and that the light reflected by the blood is detected. 



6. The rrsethod as ciain-ieci iri clain-i 5, characterized in that the l:)ut;bies ;sre prociuc^d by locai electrolysis o! ttie biooci. 



7, Tfie rrietfioci as claimed in c^laitn 1, characterizeti in that the disturbssrice is produc;ed by locally actirig upofi ttie orienta-" 
tion of the blood corpuscles for producing a locally turbulent zone, that the turbulent zone is illuminated with light from the 
light conductor and that the light reflected in the blood is detected. 



8. The method as claimed in any of claims 1-7, characterized in that the detected reflected light is converted into an 
electric signal which is integrated for obtaining a signal related to the flow. 



9, I he method as claimed in any of claims 2-4, characterized In that the time during which the light is detected is 
measured to form a signal related to the ^ow in the vessei. 



10. The method according to any of the preceding claims, characterized in that the measurement is synchronized with the 
heart frequency and that the measurement is always pes-fcrmed at substantially the same time during the heart cycle. 



1 1 . A device for measuring in situ the flow of biood in a blood vessel, e.g. the coronary artery of the heart, comprising a 
conduit (1) intended to be inserted into the vessel to the measuring position, a fibre optical iight conductor (7) disposed 
within ttie conduit and e:<;eFid!ng up to the dic^ta! portion of the ccr-duit and a light detector dij;po;;ed in ttie proxini;3l end of 
the light conductor, characterized in that the end surface of the light conductor Is ground in order to cause its field of view 
to be directed inwardly towards the centra; poilion of the biood vessel and to detect a local disturbance of the optical 
properties of the biood while tiie blood is flowing past the fieid of view of the light conductor, and means for treating the 
(ietecteti opiicai signal for otstain-^ itig a signal in relation to ttie flew of t;lood. 
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12. i he device as claimed in claim 1 1, characterized in that 



the distal end surface of the light conductor is bevelled to bring about a total refJection or that the bevelled sutface has a 
light reflecting metal cover. 

13. The device as claimed in claim 12, chsrscterized :n that an opening (6) is provided in the distal end of the conductor 
and that the bevelled end surface is positioned in said opening. 

14. The device as claimed in claim 11, characterized in that a fine opening (12) is provided upstreams of the distal end of 
the conduit (1), said fine opening being Intended to produce rtiicrobubbles. 

15. The device as claimed in claim 1 1 , characterized In thai in the proximal portion of the light conductor a light source (2) 
Is provided to propagate light through the light conciuctGr, 3 filtering lens- a!id lens, system (3, 4, S, 10) for receiving 
de-ieole-d Uty ■ i->x: ?, c 'x • j r. i j ys-' i 11 ) Ic- convc-iting a ic-ck-o licjr • nio elect'ical $ ay s.j . 
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